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Objectives
To evaluate the association of socioeconomic position with adenocarcinoma of the oesophagus and stomach.
Methods
The European Prospective Investigation into Cancer and Nutrition (EPIC) cohort comprises about 520 000 participants mostly aged 35-70 years. Information on diet and lifestyle was collected at recruitment. After an average follow-up of 6.5 years, 268 cases with adenocarcinoma of the stomach and 56 of the oesophagus were confirmed. We examined the effect of socioeconomic position on cancer risk by means of educational data and a computed Relative Index of Inequality (RII). In a nested case-control study, adjustment for Helicobacter pylori (H. pylori) infection was performed. 
Results
Higher
Introduction
Over the past few decades, the incidence rate of gastric cancer has declined. However, it remains among the most common cancer sites world-wide. 1, 2 In some countries, an increase in adenocarcinomas of the oesophagus, gastric cardia and the gastrooesophageal junction (GEJ) was noticed. 3 It has been suggested that these three cancer sites form a single disease entity, 3 since they share the same epidemiological risk factors that are associated with a specific diet (low fruit and vegetable consumption), smoking habits, obesity, gastro-esophageal reflux disease and physical inactivity seen as typical for a western lifestyle. 4, 5 Socioeconomic inequalities were shown to be strongly associated with mortality and morbidity. [6] [7] [8] [9] The risk of gastric and oesophageal cancers has also been associated with a lower socioeconomic position as measured by educational level, [10] [11] [12] [13] [14] occupation 12, 14 or income. 10, 15 The infection with Helicobacter pylori (H. pylori) bacterium is positively associated with gastric cancer. Since this infection is frequently acquired in childhood, education as a marker for childhood socioeconomic position may be of particular interest. 16 Most of these studies were casecontrol studies; however cohort studies have also found a higher educational level to be associated with a lower gastric cancer risk. 10, 12 The pathways through which the socioeconomic position influences gastric cancer risk are not established, but are likely to reflect differences in smoking, 17 diet 4,18 and infection with H. pylori. 19 Chronic gastritis is another potential risk factor for gastric cancer. 20, 21 There is some evidence that the magnitude of these risk factors may differ by anatomical subtype. 3 The aim of this study was to examine the association between socioeconomic position and the risk of adenocarcinomas of the stomach and oesophagus in the European Prospective Investigation into Cancer and Nutrition (EPIC), after taking into account other identified risk factors. H. pylori seroprevalence was assessed in a nested case-control study. In addition, differential effects by anatomical subsites and histological subtypes of gastric cancer were investigated.
Material and methods
Study subjects
EPIC is a multicentre prospective cohort study designed to investigate the relation between diet, lifestyle factors and risk of cancer. Approximately 520 000 subjects, mainly aged between 35 and 70 years, were recruited in 10 European Countries (Denmark, France, Germany, Greece, Italy, The Netherlands, Norway, Spain, Sweden and the United Kingdom) between 1992 and 2000.
The study subjects were largely recruited from the general population residing in a given geographical area. Exceptions were the French cohort (members of the school health insurance and University employees), the Utrecht and the Florence cohorts (women attending breast cancer screening), part of the Italian and Spanish cohort (blood donors and their spouses), and most of the Oxford cohort (vegetarian volunteers and healthy eaters), details of which are provided elsewhere. 22, 23 In brief, eligible subjects were invited to participate in the study by mail or by personal contact. Those who accepted gave informed consent and completed a lifestyle and dietary questionnaire. The majority of subjects also provided a blood specimen and had anthropometric measurements taken. Educational level was reported from 460 648 participants (7250 participants with missing data and 10 443 participants with non-assigned education were excluded). Furthermore, the Norwegian subcohort (n ¼ 35 229) was excluded due to the short follow-up and small number of incident cases, leaving 425 613 subjects (287 038 of whom were women) for the present analysis.
Since the French subcohort of 64 692 women consisted of educational employees only, this subcohort was only excluded from the analysis of the Relative Index of Inequality (RII), leaving 360 651 subjects (222 074 women) for this investigation.
Diet and lifestyle questionnaires
Habitual diet over the previous 12 months was measured at recruitment by a country-specific validated self-or intervieweradministered questionnaire. Most centres adopted a selfadministered questionnaire, which comprised between 84 and 266 food items. Some centres additionally used 7-or 14-day dietary records. Lifestyle data were derived from questions on education, occupation, lifetime smoking and alcohol consumption, reproductive history, medical history and physical activity.
End points
Incident cancer cases were identified by population-based cancer registries (Denmark, Italy, The Netherlands, Spain, Sweden and the United Kingdom) or by active follow-up (France, Germany and Greece). Follow-up began at the date of recruitment and ended at either the date of diagnosis of gastric or oesophageal cancer, death or date of the last complete follow-up. A total of 400 incident stomach cancer and 67 oesophageal cancer cases had been reported to the central database at the International Agency for Research on Cancer (IARC) for the period up to December 1999, or September 2002, depending on the study centre. Cancer of the stomach included cancers coded as C16 according to the 10th Revision of the International Statistical Classification of Diseases, Injuries and Causes of Death (ICD). Validation of the diagnosis and classification of the tumours (according to ICD-O2 classification) was carried out by a panel of pathologists, details of which have been reported elsewhere. 23 We excluded cases of gastric lymphomas (n ¼ 26), gastric stump tumours (n ¼ 5), other non-adenocarcinoma cases (n ¼ 11), and other unspecified tumours of the stomach (n ¼ 8). In addition, individuals who were in the top or bottom 1% of energy intake (seven cases) or with missing data on diet or educational attainment (75 cases) were excluded from the analysis. The Lauren classification was used to define histological subtypes, considering the two main subtypes (diffuse and intestinal) in further analyses. 24 For a number of reasons, some gastric cancer cases could not be classified by anatomical subsite or histological subtype. The analysis of cardia cancers included the 17 GEJ tumours in addition to the 68 cardia gastric cancer cases.
Nested case-control study
Design details of the nested case-control study, including the laboratory work, have been described extensively elsewhere. 25 In brief, for each newly diagnosed gastric cancer case with available blood sample for laboratory analysis (n ¼ 215), four controls individually matched by centre, gender, age (AE2.5 years) and blood donation date (AE45 days) were randomly selected. Serum samples values above 100 arbitrary enzyme-linked immunosorbent assay units (EU) were considered as positive for anti-H. pylori immunoglobulin G (IgG) antibodies (84.2% of cases and 66.9% controls were positive).
Socioeconomic position
Educational level was used to characterize the participants for socioeconomic position. Four categories were used in the analyses defined as (i) primary school or less, (ii) vocational secondary education, (iii) other secondary education and (iv) college or university. Subjects without school attendance were assigned to the lowest educational level. In addition, the RII 26 was calculated. Comparisons of measures between socioeconomic indicators suffer from unequal group sizes. The RII was constructed to avoid the problem of large ratios of risk due to small groups at the edges. The classification is based on a hierarchical order of education. Assignment was performed by ranking the distribution of the educational level according to the proportion of participants within strata for study centres, 10-year age groups and sex. The midpoint of each class of the cumulative proportional distribution of educational level was used to calculate the score of the RII. For example, if within a stratum (centre, age group, sex) 40% of subjects have a low education level, the midpoint of this group was chosen and each cohort member in that stratum would be assigned a score of 20, corresponding to the proportion of population above this midpoint. If the proportion of subjects in the next educational group with a medium education level was 30%, the score would be 55 (40 plus 30/2). Accordingly, the remaining 30% of subjects in this stratum with high educational level would receive a score of 85 (40 þ 30 þ 30/2). Participants were assigned to a RII score of 1 (low), 2 (middle) or 3 (high) based on tertiles of the values.
Statistical methods
Cox proportional hazard regression models (SAS PHREG procedure) were used for the analyses of the cohort data. The analyses were stratified by sex, age and centre to control for potential confounding due to differences in follow-up procedures, questionnaire design and other centre-specific characteristics. Age was used as the time scale variable in all models. Time at entry into the study was defined as age at recruitment, and time at exit was defined as age of diagnosis (for cases) or age at censoring (for at-risk subjects).
Crude and multivariate models were calculated. The following variables were considered for adjustment: height (m, continuous), weight (kg, continuous), smoking habits [never smoked, former smoker (ceased smoking !10 years, ceased <10 years, unknown), current smoker (<15, 15-25, !25, unknown cigarette/day), and unknown smoking status], lifelong average cigarette smoking (cigarette/day), duration of smoking (years), alcohol intake (g/day, quintiles), lifelong alcohol drinking (g/day quintiles, unknown), overall physical activity [metabolic equivalent of energy expenditure score (METs)], total energy intake (kcal/day, quintiles) consumption of meat and processed meat (g/day, quintiles), fruits (g/day, quintiles), and vegetables (g/day, quintiles). Initially, analyses were done for men and women separately, but because no substantial gender differences emerged, results are presented for both sexes combined. Analyses of gastric cancer using anatomical subsites and histological subtypes were performed. We tested for heterogeneity of effect between different variables using Wald statistics. 27 Conditional logistic regression analysis (SAS PHREG procedure) was used to calculate the odds ratios (OR) and 95% confidence intervals (95% CI) in the nested case-control study, controlling for the variables as in the full cohort study as well as H. pylori seroprevalence. SAS statistical software 9.13 (SAS institute Inc, Cary, NC) was used for all statistical analyses.
Results
The cohort of 425 613 participants was followed for an average of 6.5 (SD ¼ 1.8) years with a total of 2 765 038 person-years. Table 1 shows the number of incident cancer cases and person-years at risk in each participating country. In total, 268 cases of gastric adenocarcinoma, 56 cases of oesophageal adenocarcinoma, and 17 cases of cancers at the GEJ were identified. Cases were more likely to be smokers and to be older than non-cases (data not shown). The mean age of the subjects with gastric cancer was 58.8 years in men and 58.2 years in women. Table 2 shows the distribution of baseline characteristics stratified by educational level in men and women separately. Subjects in the highest education category were leaner (only in women), had a higher lifelong intake of alcohol in women but a lower in men, higher vegetable intake (in women) and a lower intake of meat, lower duration of smoking and lower prevalence of high cigarette smokers than those in the lowest education category. Subjects in the highest education category also had a lower prevalence of H. pylori infections than those in the lowest education category. With regarding to fruit consumption, no clear educational gradient was found. Overall,a higher educational level was significantly inversely associated with risk of gastric adenocarcinoma [highest vs lowest level of education: HR 0.64, 95% CI: 0.43-0.98] ( Table 3) . No statistically significant heterogeneity between countries was observed (data not shown). In the analysis by subsite of gastric cancer, a significant and strong negative association between education and cancer risk was observed for cases in the cardia subsite (highest vs lowest level of education HR 0.42, 95% CI: 0.20-0.89), while a non-significant negative association was observed for non-cardia gastric cancer (P for heterogeneity ¼ 0.16). With histological subtype, a strong negative association was also observed for the intestinal type (highest vs lowest level of education HR 0.13, 95% CI: 0.04-0.44), while a non-significant negative association was observed for the diffuse type (P for heterogeneity ¼ 0.42). Due to the low number of cases, further analysis by both subsite and subtype of gastric cancer was not possible.
In the nested case-control study (Table 4) , an inverse but statistically non-significant association was found after additional adjustment for H. pylori infection (highest vs lowest level of education: OR 0.53, 95% CI: 0.24-1.18). A nonsignificant inverse association was also found for educational level and risk of adenocarcinoma of the oesophagus (highest vs lowest level of education: HR 0.67: 95% CI: 0.30-1.52). Table 5 shows the results of the association between RII and gastric cancer risk in the cohort and nested case-control study. Overall, RII score was associated with an inverse, but statistical non-significant risk of gastric adenocarcinoma (highest vs lowest RII score: HR 0.74, 95% CI: 0.53-1.05). Similar to the results obtained for educational level, the association between RII and gastric cancer risk was strongest for cardia (highest vs lowest RII score: HR 0.49, 95% CI: 0.27-0.90, P for heterogeneity ¼ 0.22) and intestinal-type gastric cancers (highest vs lowest score: HR 0.33, 95% CI: 0.16-0.68, P for heterogeneity ¼ 0.13). a Smoking habits (never smoked, former smoker ceased smoking !10 years, ceased <10 years, unknown time of ceasing smoking, current smoker <15, 15-25, !25, unknown cigarette/day, and unknown smoking status), lifelong average cigarette smoking (cigarette/day), duration of smoking (years), alcohol consumption (g/day, quintiles), lifelong alcohol drinking (g/day quintiles, unknown) height (m,cont.), weight (kg, cont.), total physical activity (METs, quartiles), total energy intake (kcal, quintiles), fruit intake (g/day, quintiles), vegetable intake (g/day, quintiles), meat/meat products intake (g/day, quintiles). In the nested case-control study, additional adjustment for H. pylori slightly attenuated the risk estimates. The OR between the RII-score and risk of gastric adenocarcinoma was 0.81 (95% CI: 0.43-1.51) with adjustment for H. pylori seroprevalence.
Discussion
A higher educational level was associated with a reduced risk of gastric adenocarcinoma, an effect that seems to be stronger for cardia and particularly for intestinal-type gastric cancers. No statistically significant heterogeneity between countries was observed. Differences in the distribution of known or potential risk factors for gastric cancer, such as smoking, alcohol consumption, obesity, physical activity or some dietary factors which are correlated with socioeconomic position, did not explain a considerable part of this effect. However, after adjustment for H. pylori seroprevalence, this association was attenuated and was no longer statistically significant. Consistent with other results, an inverse association between educational level and oesophageal adenocarcinoma was observed, 28 although it was not statistically significant and there were too few cases for reasonable interpretation. Our findings are consistent with the results of other casecontrol studies 11, [13] [14] [15] [29] [30] [31] and cohort studies. 10, 12 Only few risk factors, including smoking, obesity and low consumption of fruit and vegetables, are known to affect the risk of gastric and oesophageal cancers. 4 It is well established that differences in socioeconomic position are associated with inequalities in health 32 that may be mediated by differences in health-related behaviour. [33] [34] [35] This is in agreement with our observations that participants with a higher educational level were leaner, ate more vegetables and were less likely to be smokers at recruitment. Also in men, lifelong alcohol intake was lower in the highest educational categories. The correlation of these risk factors with socioeconomic position might help to explain the inverse association of the latter with gastric cancer incidence, but in previous cohort studies 10,12 a complete set of covariates was not always available.
H. pylori infection has been shown to be associated with lower social class. 36 Education may reflect childhood socioeconomic circumstances, such as family size and hygiene conditions of life, which correlate with the H. pylori infection rate. 35, 37, 38 This is in line with our observation, that educational attainment is correlated with the H. pylori seroprevalence, and as expected, further adjustment for H. pylori infections attenuated the risk estimates for non-cardia and gastric cancer overall. However, the findings from the present study suggest that these covariates, even the consideration of H. pylori infection, cannot fully explain the inverse association between socioeconomic factors and gastric cancer risk. Few studies analysed the association between socioeconomic position and anatomical subsites or histological subtypes of gastric cancer. 12, 14, 39, 40 Powell and McConkey 39 observed increasing incidence of cardia and decreasing incidence of pyloric gastric cancer cases in groups with high social position between 1961 and 1981 in the UK. In another registry based study, lower socioeconomic position was related to higher incidence of non-cardia gastric cancer, but no clear relationship was found with respect to cardia gastric cancer during 1987 to 1996 in Scotland. 41 In contrast, Wu-Williams et al. 40 found no association between socioeconomic position and risk of cardia cancer, although educational level was associated with distal gastric cancer in men aged 55 years and older. However, in their study neighbourhood controls were chosen, therefore direct comparability of their results with our data is limited. Another case-control study found higher socioeconomic position to be associated with decreased risk of both cardia and non-cardia cancer cases. 14 Since educational attainment may vary substantially across Europe, we additionally examined the association between the RII score and gastric cancer risk, a marker commonly used in social epidemiology, and which takes into account the age and sex distribution of the population in each centre. 26, 43 However, both education level and the RII score showed similar inverse associations with gastric adenocarcinoma risk overall, and with anatomical and histological subtypes. Some potential limitations of this study should be considered. Our study findings might have been affected by residual confounding and measurement error in the variables included in the models. 44 Dietary data are prone to measurement error. 45 In our data, however, the adjustment for known risk factors did not substantially change the association between educational level and gastric cancer risk. In the nested case-control study, a possible attenuation of risk may have occurred when H. pylori infection was close to the time of cancer diagnosis. 46 However, in our study the length of follow-up is still relatively short. Another source of error to be considered is residual confounding of other factors related to socioeconomic position that may determine gastric cancer risk. We did not take into account other measures for adulthood socioeconomic position such as occupation or income; however, measures of economic distress have been shown to be in good correlation with each other. 35 Rather than single indicators of socioeconomic position, multiple indicators covering life course may be necessary to create indicators which can better discriminate between social groups and identify risk factors. 35, 47 Regarding socioeconomic position misclassification is unlikely to be a matter of concern. Since educational attainment applies for every person and is easily recordable, measurement error of the exposure variable is unlikely to have seriously biased our results. Period effects regarding the educational levels were considered by age-group stratified analyses. The participants of our cohort study are likely to be more educated than the general population, which may result in attenuated risk estimates and limit the generalizability of the results. The strength of this study is the prospective study design, the consideration of relevant confounding variables including H. pylori infection, and the stratification by anatomical subsites and histological subtypes, for which the subclassification and verification for which was done by a panel of experienced pathologists, although these results by subtypes of gastric cancer should be confirmed in a larger study with more cases.
In this large prospective study, high educational level was associated with a reduced risk of gastric adenocarcinoma, which was strongest for cardia cancer and intestinal histological subtype. This gives support to the hypothesis that socioeconomic factors are diversely related to site and types of gastric cancer, a relationship that is not completely explained by differences in established risk factors for gastric cancer. Our observations emphasize the need of adjustment for socioeconomic position in studies evaluating risk factors for stomach cancer. Future investigations of the socioeconomic determinants of gastric adenocarcinoma should consider differential effects by subsites and subtypes. Emphasis should be put on studying correlates of socioeconomic position which can help explain the association with stomach cancer risk.
